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Abstract 
Tudor-Locke and colleagues previously assessed steps/day for one year. The aim of this study was to 
use this data set to introduce a novel approach for the investigation of whether individuals’ physical 
activity exhibits periodicity fluctuating round a mean and, if so, the degree of fluctuation and 
whether the mean changes over time. Twenty-three participants wore a pedometer for 365 days, 
recorded steps/day and whether the day was a work-day. Fourier transforms of each participant’s 
daily steps data showed the physical activity had a periodicity of seven days in half of the 
participants, matching the periodicity of the work-day pattern. Activity level remained stable in half 
of the participants, decreased in ten participants and increased in two. In conclusion, the seven-day 
periodicity of activity in half of the participants and correspondence with the work-day pattern 
suggests a social or environmental influence. The novel analytical approach introduced herein allows 
the determination of the periodicity of activity, the degree of variability in activity that is tolerated 
during day-to-day life, and whether activity level is stable. Results from use of these methodologies 
in larger datasets may enable a more focused approach to the design of interventions that aim to 
increase activity. 
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1. Introduction 
Recently, Lee and colleagues (2012) estimated that in excess of half a million deaths could 
be avoided each year if physical inactivity decreased by 10%. To design interventions that aim to 
increase physical activity, it is necessary to know how habitual physical activity fluctuates over time. 
Most studies that assess physical activity objectively employ a measurement period of up to seven 
days. Although this has been shown to provide a reliable estimate of physical activity (Matthews, 
Hagströmer, Pober and Bowles, 2012), it does not show the degree of fluctuation typical in an 
individual’s physical activity over periods longer than a week or the degree to which the activity level 
may repeat over time. It can be hypothesized that an individual’s physical activity will fluctuate 
around a mean or baseline (e.g. Figure 1) whereby increases or decreases in physical activity are 
followed by changes that return the physical activity level to the mean (Gomersall, Rowlands, 
English, Maher and Olds, 2013). The variability in habitual physical activity of free-living individuals 
observed over repeated periods of time may reflect the degree of fluctuation in physical activity that 
can be tolerated by that individual. Thus, an individual’s physical activity measured over a prolonged 
period may exhibit periodicity, which may or may not be accompanied by fairly consistent variability 
over time (e.g. Figure 1).  
PLEASE INSERT FIGURE 1 ABOUT HERE 
A physical activity baseline is likely to be flexible, dynamic and susceptible to variation with 
e.g. age, energy intake, season, and work pattern (Gomersall et al., 2013; Hamilton, Clemes and 
Griffiths, 2008). Some of these factors are cyclical, i.e. repeat over time, such as seasonal and work 
patterns, and these factors are likely to contribute to the overall variability over time. Others are not 
cyclical, e.g. age, change of job to a more active position, or an active holiday, and it is likely that 
these types of factors will contribute to a baseline that will shift over time. Therefore, consideration 
of the variability, baseline level and whether periodicity is evident in an individual’s habitual physical 
activity assessed over a prolonged period, and how these may or may not change during normal 
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daily life in the absence of a specific intervention, could inform the design of interventions that aim 
to increase physical activity levels. 
Tudor-Locke and colleagues assessed steps/day and work pattern in individuals over one 
year (Tudor-Locke et al., 2004). The aims of the present study were to use this unique data set to 
introduce a novel approach for the investigation of: a) magnitude of intra-individual variability in 
steps/day over the year and comparison with inter-individual variability; b) whether individuals’ 
habitual physical activity exhibited periodicity fluctuating round a baseline; c) if so, whether the 
baseline changed over the course of the year in a linear manner (e.g. an age-related decline) and/or 
in a non-linear manner (e.g. seasonally); d) whether the variability, or tolerance to fluctuations in 
physical activity, shifted over the year and e) the degree to which a sample of seven consecutive 
days of physical activity measurement reflected year-round physical activity and whether this was 
related to the participant’s variability in step counts across seven days. Further, the periodicity of the 
pattern of work days and non-work days was examined to assess whether this corresponded with 
the periodicity of physical activity. 
2. Method 
2.1 Study Data 
This study used data collected from previous studies on the variability of individuals’ step 
counts over 365 days (Kang, Bassett et al., 2009; Kang, Bassett, Barreira, Tudor-Locke and Ainsworth, 
2012; Tudor-Locke et al., 2004).  Twenty-three participants (7 men, 16 women, age (mean ± SD) = 38 
± 9 y, body mass index = 27.7 ± 6.2 kg.m-2) were recruited from two southern U.S. universities 
(University of South Carolina, Columbia, and The University of Tennessee, Knoxville) and their 
surrounding communities and were involved in a range of types of employment (e.g. academic, 
clerical, students). The only inclusion criteria were that participants were ambulatory and willing to 
self-monitor their behaviour for one year. Each participant was given a pedometer (Yamax SW200; 
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Yamax Corporation, Tokyo, Japan), an instruction sheet for wearing and using the pedometer, and 
an activity calendar for recording 365 consecutive days of data. Participants were instructed to reset 
the pedometer to zero each morning and wear the pedometer at their waist (in the midline of the 
thigh) during waking hours; continue unrestricted with their usual activity; and only remove the 
pedometer while bathing, showering, or swimming. At the end of each day, participants recorded 
the number of steps taken and whether or not the day was a work day. Data collection started on 
April 13th 2000 and continued for 365 days. The study was approved by the Institutional Review 
Boards and procedures followed were in accordance with the Helsinki Declaration of 1975, as 
revised in 2000. All participants gave written informed consent. More information about the 
participants and data collection is available in Tudor-Locke et al. (2004). 
On average, participants were missing eight days of data each (range: 0–25 days) with 
missing days accounting for 2% of all data (Kang, Bassett et al., 2009). As in earlier studies using 
these data (Kang, Bassett et al., 2009; 2012), missing values were replaced using an individual-
information-centred approach (replacement of missing values with the average of the remaining 
values for that participant (Kang, Zhu, Tudor-Locke and Ainsworth, 2005; Kang, Rowe et al., 2009).  
2.2 Data Analysis 
 Descriptive statistics (mean, standard deviation (SD), intra-individual coefficient of variation 
(CV)) were calculated for each participant from their series of 365 steps/day values and for the group 
from the participants’ mean daily step counts. To address the first aim, the inter-individual CV was 
calculated using a randomly selected day for each of the 23 participants. Thus, the inter-individual 
CV was calculated from 23 days of data, one day randomly selected from each participant. This was 
repeated 100 times and the mean inter-individual CV taken.  
To address the second aim, cyclical variability, Fourier transforms of the 365 consecutive 
days of step count data and the work/no work pattern for the same 365 days were carried out for 
each participant. The Fourier transform is a mathematical transformation, commonly used in physics 
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and engineering, that is used to transform signals from the time domain to the frequency domain, 
i.e. it takes a time-based series of data points and determines the cycles that make up the data 
series. The Fourier transform plots this frequency spectrum of time series data (such as steps 
recorded every day for 365 days) enabling the identification of underlying frequencies, or repeating 
patterns such as shown in the top plot in Figure 1. The transformed function was plotted against the 
inverse of the frequencies, thus the location of peaks in the amplitude gave the periods that 
contributed most to the steps/day pattern.  The largest peak in amplitude indicated the number of 
days that showed the strongest cyclical steps/day pattern. The Fourier transforms of steps/day and 
work day data for each participant were examined to determine if the participant exhibited clear 
peaks in amplitude indicating periodicity of physical activity and/or work day pattern. The dominant 
periods (number of days that showed the strongest cyclical steps/day pattern) were recorded for 
each participant and descriptive statistics (median, 25th – 75th percentile and proportion of 
participants for given physical activity periods) presented for the sample. As Fourier transform is 
focussed on cyclic variability it will not detect non-cyclic variability. 
Therefore, to address the third aim, a linear regression line was fitted to each participant’s 
series of 365 daily step count values and tested to assess whether the slope of the line was 
significantly different from zero (i.e. non-cyclical variability - physical activity level increased or 
decreased over time). Lowess (locally weighted scatterplot smoothing) curves were also fitted to the 
day-to-day physical activity for each participant to show the pattern of the data across the year. As 
the mean steps/day for this sample differed by season (summer > winter, Tudor-Locket et al. 
(2004)), to further examine seasonal effects each participant’s series of daily steps were split into 
three equal parts that encompassed seasonal transitions: April 13th 2000 - August 12th 2000 (1st 122 
days); August 13th 2000 – December 13th 2000 (next 122 days); December 14th 2000 – 12th April 
2001 (final 121 days). The first series covered spring to early summer, the second series covered 
mid-summer through fall and the final series covered the last week and a half of fall, through winter 
to early spring. As for the series of 365 days, a linear regression line was fitted to each of the three 
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series for each participant and tested to assess whether the slope was significantly different from 
zero (i.e. physical activity level increased or decreased during that seasonal transition). 
To address the fourth aim, the 95% confidence interval for each participant’s day-to-day 
physical activity for each seven day period was calculated to indicate the variability in each 
participant’s weekly physical activity. A linear regression line was fitted to each participant’s 52 data 
points for the year and tested to assess whether the slope of the line was significantly different from 
zero (i.e. physical activity variability increased or decreased over time). To assess the fifth aim, i.e. 
whether the degree to which a sample of seven consecutive days of physical activity measurement 
reflected year-round physical activity was related to the participant’s variability in step counts across 
seven days, 1000 consecutive seven-day periods were sampled for each participant. The difference 
between the mean of the 1000 seven-day means and the overall year mean (error) was calculated. 
The absolute magnitude of this error was correlated with the mean SD of step counts across seven 
days calculated from the 1000 samples of seven days for that participant. To investigate whether the 
mean absolute error differed depending on whether steps/day baseline or variability in steps/day 
shifted across the year, ANOVAs were used to compare the error from participants with stable, 
increasing and decreasing baselines and with stable, increasing or decreasing variabilities. Alpha was 
set at 0.05. Fourier transforms were carried out using Matlab (MathWorks, MA, USA) and all other 
analyses were carried out using IBM SPSS Statistics Version 21 (IBM, New York, USA). 
3. Results 
Participants took 10,090±3388 (mean ± SD) steps/day. Intra-individual day-to-day variability 
in physical activity, as defined by the mean 95% confidence interval (95% CI = ±1.96 x SD), was 
±7706±2796 steps/day (CV = 39.6 ± 8.8%). Inter-individual day-to-day variability, calculated from a 
randomly selected day from each of the 23 participants and repeated 100 times, was approximately 
13% higher (CV = 52.8 ± 8.0%).  
PLEASE INSERT FIGURE 2 ABOUT HERE 
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The median value for the most dominant period was seven days (25th–75th percentile = 3.9-
8.9 days) and for the second most dominant period was 3.5 days (25th–75th percentile = 3.4-6.7 
days). Approximately half of the participants had a dominant period of seven days (N = 12). Of these 
12, 10 participants had a very clear dominant period with the amplitude of the peak at least twice as 
large as the third highest peak (2-7 times greater). The Fourier transform of participants with a 
period of seven days typically showed a clear dominant period of seven days and a second dominant 
period of 3.5 days (Figure 2). Regarding work periodicity, the majority of participants had a dominant 
period of seven days (87.0%) and a second dominant period of 3.5 days (73.9%), similar to the 
physical activity periodicity shown in Figure 1a. 
The physical activity baseline of 12 of the 23 participants shifted over time as evidenced by a 
linear regression slope that was significantly different from zero (|beta|=0.12-0.31, p < 0.05, Figure 
3). This shifting baseline showed an increase in two participants (|beta|=0.16-0.31, e.g. Figure 3a) 
and a decrease in ten participants (|beta|= 0.12-0.27, e.g. Figure 3b). Across the year, physical 
activity increased by nearly 4000 steps/day in the two participants showing a significant increase, 
and decreased by approximately 2500 steps/day in the 10 participants showing a significant decline 
in physical activity (Table 1).  
PLEASE INSERT FIGURE 3 AND TABLE 1 ABOUT HERE 
 Lowess curves fitted to the year’s daily steps for each participant are shown in Figure 4 for a) 
low-active participants (bottom tertile), b) medium-active participants (middle tertile) and c) high-
active participants (top tertile). Each line represents one participant. A smoothing parameter (α) of 
0.30 provided the optimal fit for indication of the overall shape of the data. The time of year clearly 
impacted on the trajectory of the high-active participants to a greater degree than the low- and 
medium-active participants.  High-active participants were more likely to have a peak in summer and 
following winter (Figure 4c). Participants were evenly spread across the three tertiles in terms of sex 
and age, reflecting the relatively homogenous nature of this sample. 
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PLEASE INSERT FIGURE 4 ABOUT HERE 
Table 2 shows the stability or shifts in physical activity baseline, as assessed by a linear 
regression slope significantly different from zero (|beta|=0.12-0.31, p < 0.05), for the whole year 
and for each of the three parts of the year for each participant. The majority of participants had 
stable physical activity levels, irrespective of the time period examined. During the transition 
between spring and summer all but one participant maintained stable physical activity levels, 
between summer and autumn seven participants (|beta|= 0.22-0.42, p < 0.05, 30%) decreased their 
physical activity and between winter and spring eight participants (|beta|= 0.18-0.44, p < 0.05, 35%) 
increased their physical activity. Of note, the physical activity level of nine participants (39%) 
remained stable across all three time periods.  
PLEASE INSERT TABLE 2 ABOUT HERE 
The intra-individual weekly variability was relatively stable from the beginning to the end of 
the year in the majority of the participants (16/23, 70%), but the regression slope increased 
significantly in three participants (|beta|= 0.32-0.58, p < 0.05) and decreased significantly in four 
participants (|beta|= 0.32-0.55, p < 0.05, Table 3). Figure 5 shows the plot for steps/day (left) and 
corresponding plot for weekly variability in daily steps across the year (right) for a representative 
participant with a) increasing variability, b) decreasing variability and c) stable variability. 
PLEASE INSERT TABLE 3 AND FIGURE 5 ABOUT HERE 
There was a positive correlation (r = 0.68 (95% CI =0.37-0.85), p < 0.001) between the 
absolute error from the estimation of year round steps/day from a seven-day sample (calculated 
from the mean of 1000 samples of seven consecutive days) and the variability over seven days (SD in 
steps/day from the 1000 seven-day samples). The mean absolute error was greater (partial eta 
squared = 0.31, p < 0.05) in participants with an increasing baseline across the year (159 ± 55 
steps/day) than those with a  stable (45 ± 37 steps/day, p < 0.05) or decreasing baseline (65 ± 59 
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steps/day, trend p = 0.07). Mean absolute error was also greater in the participants with increasing 
variability (110 ± 93 steps/day), than participants with a stable or decreasing variability (59 ± 48 and 
49 ±61 steps/day, respectively) but this difference was not significant (partial eta squared = 0.11, p = 
0.31). 
4. Discussion 
The novel analytical approach introduced herein allows the determination of the periodicity 
of activity, the degree of variability in activity that is experienced during day-to-day life and non-
cyclic variability in activity, i.e. whether activity level is stable. This initial application of this approach 
indicated that the physical activity level of the 23 individuals in this study were not random, but 
exhibited a periodicity, or cyclic variability, whereby physical activity fluctuated around a baseline 
value with, in most (70%, 16/23 participants) cases, a stable weekly variability. In half (N = 12) of the 
participants the length of the dominant period was seven days. In 10 of these 12 participants, this 
matched the periodicity of their work pattern; however, conversely two of the three participants 
without a seven-day work periodicity did have a step periodicity of seven-days highlighting that work 
is only one potential contributor to a weekly cycle. Weekly rhythms are likely even in those who do 
not work because the rhythm of non-workers is entrained to the rhythm of others (e.g. shops open 
at different times, sporting events and church services). The baseline physical activity level shifted in 
over half of the participants over the course of the year indicating non-cyclic variability. Further, the 
intra-individual variability in day-to-day physical activity was high, indicating a tolerance to sizeable 
permutations in physical activity. Together, these findings suggest that an individual’s day-to-day 
physical activity level may be flexible and amenable to change, given the right stimulus.  
However, despite the sizeable day-to-day variability in physical activity the stability in 
baseline physical activity level across the course of the year is striking. Across the whole group, this 
non-cyclic variability resulted in a change equivalent to -2 ± 6 (mean ± SD) steps/day each day, with 
the maximum change recorded equivalent to only 14 steps/day each day (IQR of absolute values = 4 
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– 7 steps/day each day). While the baseline physical activity level decreased in 10 participants, only 
two participants showed an increase. The greater tendency to a downward shift in physical activity 
baseline over time may reflect the well documented age-related decline in physical activity (Sallis, 
2000), or could reflect a temporal decline in physical activity as Americans become less active over 
time, as has been observed in steps per day data collected annually in nationally representative 
samples of Japanese adults since 1995 (Inoue et al., 2011). In the half of the participants whose 
physical activity baseline did not change significantly across the year the change was only -1 ± 1 
steps/day each day on average. Similarly, weekly variability was strikingly consistent across the year. 
Thus, in this sample, baseline physical activity level seems to be regulated within very narrow limits 
around, in the majority of the participants, a period lasting seven days or fewer. We are not aware of 
any other research on the periodicity of day-to-day physical activity, but previous studies have 
examined whether children’s physical activity during play exhibits periodicity. Berman, Bailey, 
Barstow and Cooper (1998) reported dominant periods of 8 and 25 min, while Wade, Ellis and 
Bohrer (1973) reported dominant periods of 15 and 40 min. It seems likely that physical activity 
exhibits within-day periodicities superimposed on larger scale periodicities of day-to-day physical 
activity.  
This periodicity evident in over half of the participants provides some support to the first of 
the two features that Rowland (1998) stated would be expected if a biological control centre acts as 
an ‘activity-stat’ that controls energy expenditure to a particular set-point: ‘1) observation of 
biorhythmicity, a regular temporal variation in spontaneous activity; 2) compensatory decreases in 
resting or activity energy expenditure (or increases in food intake) in response to imposed periods of 
physical activity’ (p.393). In addition the greater inter-individual CV relative to the intra-individual 
CV, which is consistent with previous research (Matthews, Ainsworth, Thompson and Bassett, 2002), 
could suggest the existence of individual set-points, with inter-individual differences explaining 
approximately an additional 13% of the variance in steps/day. Conversely, the correspondence of 
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the periodicity with the seven-day weekly cycle and the work-day pattern in approximately half of 
the sample strongly suggests the influence of social and environmental factors on physical activity.  
Examination of the lowess curves and the linear regressions for each participant’s series of 
step data across seasonal transitions revealed that the most stable time for steps/day was spring to 
summer; one third of the participants decreased their steps from summer to fall and one third 
increased from winter to spring. This suggests a cyclical seasonal rhythm with physical activity 
decreasing as the weather starts to get colder coming out of summer, and physical activity 
increasing as the weather gets warmer coming out of winter. These cyclical patterns were most 
evident in high-active participants. Notwithstanding the greater likelihood of a change in physical 
activity level during certain seasonal transitions, nearly three quarters of all assessed periods 
showed a stable physical activity level. Further, no participant sustained an increase or decrease 
across two of the four month periods. Unfortunately, we do not have information regarding factors 
that may have contributed to the shifts in physical activity level that did occur, variability in physical 
activity, or outlying daily step data points (e.g. the peak on day 193 in Figure 2b). Previously 
published research on this U.S. data set has shown that steps/day were higher in summer than 
winter, on weekdays than weekend days, on work days than non-work days and on days where sport 
and exercise were reported relative to days where sport or exercise was not reported (Tudor-Locke 
et al., 2004). As a result of the seasonal variation, step data collected for seven days in months 
without transitions between seasons (e.g. May) provided the most accurate estimates of year-round 
physical activity (Kang et al., 2012). A sampling period of seven consecutive days in May resulted in 
<10% mean absolute percentage error relative to the criterion of the year average, with diminishing 
returns when increasing the number of days sampled (Kang et al., 2012). The month of May is in 
spring in the U.S. and occurred during the most stable period for participants’ physical activity level 
examined herein (first time period: April 13th – August 12th). The appropriateness of the seven day 
sampling period is explained by the periodicity of seven days or fewer observed for the majority of 
the participants. The current study shows that the accuracy associated with using a seven-day 
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sampling period as a measure of year-round physical activity is higher in participants with relatively 
low variability in steps/day across the seven-day period. This indicates it may be possible to estimate 
how accurate a habitual physical activity estimate from a seven-day sample is likely to be by 
examining day-to-day variability in a participant’s data.  
Knowledge of the periodicity of physical activity, the degree of variability in physical activity 
that is tolerated during day-to-day life, whether a baseline physical activity level appears to exist 
and, if so, whether it changes across time, may enable a more focused approach to the design and 
evaluation of interventions that aim to increase physical activity. For example, in the twelve 
participants who showed a change in their baseline physical activity level there was no steady, 
progressive change in daily physical activity. Rather, the mean physical activity level changed over 
the year but the relatively high variability around this mean remained similar. This has implications 
for interventions which recommend a target physical activity level per day. When interventions do 
not facilitate this considerable day-to-day fluctuation around the baseline physical activity level they 
may be more challenging to sustain. If this is the case, targets based on weekly step or physical 
activity accumulation may be more appropriate than daily targets, particularly given that the 
physical activity period of three quarters of the participants in this study was seven days or fewer. 
For example, physical activity guidelines have been expressed as 150 minutes of moderate-to-
vigorous physical activity (MVPA) per week, and as 30 minutes of MVPA on most days (Scheers, 
Philippaerts and Lefevre, 2013). It is unclear which guideline is the most appropriate from a health 
outcome perspective, but based on the natural variability in people’s physical activity levels, it is 
possible the weekly target may be more attainable and/or more sustainable. This is supported by 
data showing that 87% of Flemish men and 68% of Flemish women from a sample of 357 volunteers 
(22 – 64 y of age) met physical activity guidelines of >150 min per week of MVPA, but only 58% of 
the men and 37% of the women accumulated >30 min/day of MVPA on >5 days/week (Scheers et al., 
2013). Similarly, Olds et al. (2007) reported that, while 68% of 13-19 y old Australians (N = 885) 
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reported an average of >60 min MVPA over four assessed days, only 20% of the participants 
achieved this level on each of the measured days. 
The magnitude of an individual’s short term fluctuations in physical activity has important 
implications for the assessment of change in activity, e.g. following an intervention. The larger the 
‘noise’ associated with short term fluctuation, relative to the ‘signal’ that corresponds with true 
change, the harder this change is to detect (Salthouse and Nesselroade, 2010). Knowledge of the 
degree of variability in physical activity that is generally tolerated during day-to-day life gleaned 
from the approaches described herein, can be used in conjunction with approaches used in other 
disciplines for dealing with intra-individual variation when determining change (Salthouse and 
Nesselroade, 2010).   
The aim of this study was to introduce a different analytical approach for examining the 
variability of individuals’ physical activity. As such, it is a preliminary study on a relatively small, 
homogenous convenience sample. Most of the participants were affiliated with universities (Kang et 
al., 2012), potentially resulting in similar work schedules, although, there was a wide range evident 
in the number of days worked (10-295, 209±65 (mean ±SD)).  Consequently, as cautioned in previous 
publications on this data set (Kang, Bassett et al., 2009; 2012, Tudor-Locke et al., 2004), the 
generalizability of the results is limited, although mean steps per day recorded were comparable to 
that reported for 3744 US adults (9766 steps per day) in the National Health and Nutrition 
Examination Survey (Tudor-Locke et al., 2009). Further, the day-to-day inter-individual variability 
(53%) and intra-individual variability (40%) in physical activity are comparable to values reported for 
92 U.S. adults assessed for up to 21 days (55-60% and 30-45%, respectively, Matthews et al. (2002)). 
In addition, we only modelled linear changes in baseline physical activity level and weekly variability 
over time. However, the availability of a year-round objective measure of day-to-day physical activity 
presented a unique opportunity to explore the periodicity and intra-individual variability of free-
living physical activity.  
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4.1 Conclusions 
These data suggest that day-to-day physical activity levels are not random, but exhibit a 
periodicity that approximated seven days or fewer in the majority of participants. This highlights the 
importance of the seven day sampling frame for investigation of physical activity patterns. Further, 
while there were large fluctuations evident in day-to-day physical activity, baseline physical activity 
level remained stable, changing by fewer than 2 ± 6 steps/day per day across the whole sample. The 
availability of new measurement tools that enable the unobtrusive monitoring of physical activity 
data at higher resolution and for prolonged periods will allow the novel analytical approach 
presented herein to be replicated in larger more representative samples and the exploration of 
periodicity of within-day physical activity variability as well as day-to-day periodicity. These types of 
insights into the periodicity of physical activity and the size of daily fluctuations in physical activity 
tolerated in daily life may be used to inform interventions aiming to lead to a sustainable increase in 
physical activity. 
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Table 1. Steps/day (mean ± SD) at day 1 and day 365 predicted from individual participant regression slopes for the whole group and separately for 
participants showing a significant decline in steps/day, no change in steps/day and a significant increase in steps/day.  
 
 Predicted steps/day 
at day 1 
Predicted steps/day at 
day 365 
Change in steps/day 
across year 
Change in steps/day per 
day 
Whole group (N = 23) 10503 ± 3530 9593 ± 3531 -910 ± 2015 -2 ± 6 
Decreasing activity (N = 10) 11403 ± 3442 8891 ± 2834 -2512 ± 1094 -7 ± 3 
Stable activity (N = 11) 9904 ± 3594 9609 ± 3612 -295 ± 537 -1 ± 1 
Increasing activity (N = 2) 9297 ± 4825 13013 ± 6575 +3716 ± 1750 10 ± 5 
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Table 2. Stability of steps/day for the whole year and for each of the three equal parts encompassing 
seasonal transitions by participant (↔ stable across period, ↑ increase across period, ↓decrease 
across period, p < 0.05) 
Participant Whole year spring - summer summer - fall winter - spring 
1 ↔ ↔ ↓ ↔ 
2 ↓ ↔ ↓ ↔ 
3 ↔ ↔ ↔ ↔ 
4 ↔ ↔ ↔ ↔ 
5 ↑ ↔ ↔ ↑ 
6 ↑ ↓ ↔ ↑ 
7 ↓ ↔ ↓ ↔ 
8 ↓ ↔ ↔ ↓ 
9 ↓ ↔ ↓ ↑ 
10 ↓ ↔ ↔ ↔ 
11 ↔ ↔ ↔ ↔ 
12 ↔ ↔ ↔ ↔ 
13 ↔ ↔ ↔ ↑ 
14 ↔ ↔ ↔ ↔ 
15 ↔ ↔ ↔ ↑ 
16 ↓ ↔ ↔ ↔ 
17 ↔ ↔ ↔ ↔ 
18 ↓ ↔ ↔ ↑ 
19 ↓ ↑ ↓ ↔ 
20 ↔ ↔ ↓ ↑ 
21 ↓ ↔ ↓ ↔ 
22 ↓ ↔ ↔ ↑ 
23 ↔ ↔ ↔ ↔ 
↔ (N) 11 21 16 14 
↑ (N) 2 1 0 8 
↓ (N) 10 1 7 1 
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Table 3. Intra-individual variability (i.e. 95% confidence interval for seven-day steps/day (mean ± SD)) at week one and week 52 predicted from individual 
participant regression slopes for the whole group and separately for participants showing a significant decline in variability, no change in variability and a 
significant increase in variability. CI = confidence interval. 
 
 Predicted variability 
in steps/day (95% CI 
(±1.96 SD)) during 
week 1 
Predicted variability in 
steps/day (95% CI) 
during week 52 
Change in variability 
in steps/day (95% CI) 
across year 
 
Whole group (N = 23) ±6853 ± 2990 ±6848 ± 2978 -5 ± 3245  
Decreasing variability (N = 4) ±8491 ± 6188 ±4263 ± 1978 -4228 ± 4386  
Stable variability (N = 16) ±6324 ± 1647 ±6554 ± 1966 230 ± 1342  
Increasing variability (N = 3) ±7215 ± 3628 ±12021 ± 2893 4806 ± 1695  
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Figure legends 
 
Fig. 1 Hypothesized physical activity pattern exhibiting periodicity and relatively constant 
variability around a baseline level 
Fig. 2 Typical Fourier transform plot for steps/day for a participant with a physical activity 
periodicity of seven days. Note: x axis in plots only extends to a period of 30 days for clarity 
(x axis = period in days (inverse of the frequency), y axis = amplitude associated with period) 
Fig. 3 Data for three representative participants: a) a participant with an increasing baseline 
activity level, b) a participant with a decreasing baseline activity level and c) a participant 
with a stable physical activity level 
Fig. 4 Lowess curves fitted to the year’s daily step data for a) low-active participants (bottom 
tertile) b) medium-active participants (middle tertile) and c) high-active participants (top 
tertile). Smoothing parameter (α) = 0.3 
Fig. 5 Steps/day (left) and weekly variability weekly variability in daily steps across the year 
(right) for a representative participant with a) increasing variability, b) decreasing variability 
and c) stable variability 
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Hypothesized physical activity pattern exhibiting periodicity and relatively constant variability around a 
baseline level  
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Typical Fourier transform plot for steps/day for a participant with a physical activity periodicity of seven 
days. Note: x axis in plots only extends to a period of 30 days for clarity (x axis = period in days (inverse of 
the frequency), y axis = amplitude associated with period)  
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3 Data for three representative participants: a) a participant with an increasing baseline activity level, b) a 
participant with a decreasing baseline activity level and c) a participant with a stable physical activity level  
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Lowess curves fitted to the year’s daily step data for a) low-active participants (bottom tertile) b) medium-
active participants (middle tertile) and c) high-active participants (top tertile). Smoothing parameter (α) = 
0.3  
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5 Steps/day (left) and weekly variability weekly variability in daily steps across the year (right) for a 
representative participant with a) increasing variability, b) decreasing variability and c) stable variability  
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